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Abstract
Background: Sensitization to cat and/or dog allergens during childhood represents a risk factor for the
development of allergic diseases later in life.

Material and Methods: The study investigated the association of patterns of sensitization to cat and dog
allergen components with clinical symptoms of allergy to these furry animals among cat-sensitized
children. It included 50 children aged 5-17 years who showed sensitization to cat in the skin prick test.
They were considered to have cat allergy if they suffered from one or more allergy symptoms when being
exposed to contact with a cat. The children were evaluated for the presence of bronchial asthma, atopic
dermatitis and allergic rhinitis. Their mothers completed a questionnaire on pet exposure at home.
Levels of serum IgE cat epitopes Fel d (1, 2, 4), as well as dog components Can f (1, 2, 3, 5) were
measured in all the studied children.

Results: Respiratory symptoms following exposure to the cat allergen were most common in children with
Fel d 2 epitope (p = 0.041). After contact with a dog, respiratory symptoms were most common in
children with Can f 1 epitope (p = 0.042), eczema in children with sensitization to both Can f 1 (p = 0.009)
and Can f 2 (p = 0.002), whereas eye symptoms occurred mostly in children with Can f 3 (p = 0.039).

Conclusions: Molecular diagnosis in patients with pet allergy may help clinicians to predict clinical
symptoms and their severity.

Introduction
Cats and dogs are the most common household pets. According to the latest research, over half (52%) of
households in Poland own a pet. Forty-two percent of Polish citizens declare that they have a dog, 26%
report to keep a cat, and 5% possess other animals [1]. In the ECAP study of the Polish population, an
average frequency of cat allergy was 13.5%, and in the case of dog allergy it was 9.7% [2]. The dog and
cat allergens are a common cause of allergic sensitization and

a factor triggering respiratory symptoms worldwide.

Molecule-based diagnosis of allergy is an important advancement in improving sensitivity and speci�city
[3]. The major cat allergen, in up to 96% cases, is Fel d 1, a uteroglobin produced in the skin and salivary
glands [4, 5, 6]. Other important cat allergens are albumin of Fel d 2 serum [7] and lipocalin Fel d 4 [8]
which cross-reacts with the corresponding proteins from other animals [9]. Commonly described dog
allergens represent lipocalins (Can f 1, Can f 2, Can f 4 and Can f 6) or albumins (Can f 3) [10], prostatic
kallicrein (Can f 5) which is an androgen-regulated protein expressed in the prostate and detectable only
in male dogs [11]. Due to the low degree of sequence identity among them, lipocalins were considered as
species-speci�c allergy markers.
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Sensitization to Fel d 1 and Can f 1 in childhood and polysensitization to either cat or dog allergen
molecules predict allergy signi�cantly better than cat or dog IgE extracts [12]. Fel d 7 is a common
allergen in the cat-sensitized population that cross-reacts with Can f 1and may contribute to symptoms in
both cat-allergic and dog-allergic patients [13].

The study investigated the association of patterns of sensitization to cat and dog allergen components
with clinical symptoms of allergy to these furry animals among cat-sensitized children, considering their
prenatal/postnatal exposure to the pets.

Material And Methods
The study included 50 children of both sexes, aged 5–18 17 years, patients of our allergy clinic, seen
between January and September of 2018, who showed sensitization to cat allergen based on the skin
prick test. They were considered to have allergy to cat if they suffered from one or more allergy
symptoms when exposed to contact with a cat, which was con�rmed by positive medical history). The
allergy was manifested among others by ocular symptoms (tearing, redness, pruritus), nasal symptoms
(sneezing, nasal itch, runny nose), eczema, symptoms of the lower respiratory tract (cough, shortness of
breath, wheezing). The children were also evaluated for the presence of bronchial asthma, atopic
dermatitis, and allergic rhinitis. Their mothers completed a questionnaire on pet exposure at home: a)
during pregnancy, b) in the �rst two years of the child's life, and c) after the second year of the child's life.
Since a majority of the mothers reported having a dog rather than a cat, additional analyses of
sensitization to dog allergens were performed. Children were considered to have allergy to dog if they
suffered from one or more allergy symptoms that occurred when having contact with a dog, and at the
same time presented Can f level (1, 2, 3 or 5) of least grade 1.

Blood samples were collected from all the studied children to measure the IgE serum levels for the cat
epitopes, Fel d 1, Fel d 2, Fel d 4, as well as for the dog components, Can f 1, Can f 2, Can f 3, Can f 5. IgE
serum levels > 0.35 IU/ml were regarded as a positive result. The serum samples were analyzed for IgE
antibodies using the ImmunoCAP® system according to the manufacturer’s guidelines (Phadia AB,
Uppsala, Sweden). Serum samples of venous blood were used. The samples were stored at -20 °C. The
ImmunoCAP Speci�c IgE detects IgE antibodies in the range from 0 to 100 kUA /l where “A” stands for
allergen-speci�c antibodies. The result is read quantitatively. In clinical practice, a level of 0.35 kUA /l has
commonly been accepted as a cut-off. The clinical performance is expressed as sensitivity, ranging from
84% to 95%, and speci�city, ranging from 85–94%.

The study was approved by the Bioethics Committee of the Medical University of Lodz, Poland,
RNN/39/14/KE; a written informed consent was obtained from all the subjects before the assays.

Statistical analysis
The investigated traits were described based on the measures of location – arithmetic or geometric
mean, along with measures of dispersion – standard deviation, 95% con�dence interval as well as
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minimum and maximum values. The categorical variables were depicted by using absolute numbers and
percentages.

Multivariate logistic regression models (for binary dependent variables such as allergy symptoms or
having an animal at home) were performed in order to test statistical relationships. When dealing with
non-normally distributed variables, robust standard errors (i.e. sandwich estimators) were used within a
speci�c regression model. Some variables, which revealed the perfect prediction (i.e., when each study
participant or none of them displayed a speci�c trait), were excluded from a regression equation. All the
regression models were controlled for the studied patients’ age and gender. A level of P < 0.05 was
considered statistically signi�cant. All the statistical computations were carried out by means of
Stata/Special Edition, release 14.2 (StataCorp LP, College Station, Texas, USA).

Results
Baseline characteristics of the studied population are presented in Table I.

Table I. Baseline characteristics of the studied patients (n = 50) 
 (presented as mean, standard deviation, 95% confidence interval, and min.-to-max. values 

 for numerical traits; absolute numbers and percentages for discrete variables) 
Investigated trait Statistical parameter

M SD 95% CI Min. – max.

Age (years) 11.7 3.32 10.8-12.7 6-18

   

Yes (n) % No (n) %

Gender (female) 18 36.0 32 64.0

Symptoms after contact with the cat  38 76.0 12 24.0

Symptoms after contact with the dog  12 24.0 38 76.0

Keeping a cat in any period of life  16 32.0 34 68.0

Keeping a dog in any period of life 26 52.0 24 48.0

Presence of other pets  7 14.0 43 86.0

Asthma  45 90.0 5 10.0

Allergic rhinitis 50 100.0 0 0.0

Atopic dermatitis 6 12.0 44 88.0
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Cat allergen components and allergy symptoms
Thirty-eight children were allergic to cats as determined by positive anamnesis, whereas twelve patients
exhibited clinically non-relevant sensitization as indicated by negative anamnesis (Table II). Forty-seven
of all the children (94.00%) had at least one of the Fel d epitopes tested, 34 children had only one epitope
(72.34%), eight children had two epitopes (17.02%), four children had three epitopes (8.51%). There was
no correlation between the number of epitopes and symptoms of allergy to cats. The most common
epitope was Fel d 1 (90% of the whole study group); relevant results are displayed in Fig. 1. Respiratory
symptoms following contact with a cat allergen were most frequent in the children with Fel d 2 epitope (p 
= 0.041) (Table III). There was no relationship between other (i.e., ocular, nasal, cutaneous) symptoms of
allergy to cats and the type of epitope (Table III). A correlation was found between the occurrence of Fel d
2 epitope and any symptoms appearing after contact with a cat (p = 0.048) (Table III).

Table II. Detailed characteristics of the studied patients concerning symptoms 
due to exposure to animal allergens (n = 50) 

 (presented as absolute numbers and percentages) 
Investigated trait Statistical parameter

Yes (n) % No (n) %

Symptoms after contact with a cat  38 76.0 12 24.0

Ocular  31 62.0 19 38.0

Nasal 32 64.0 18 36.0

In the lower airways 10 20.0 40 80.0

Eczema 12 24.0 38 76.0

Symptoms after contact with a dog 12 76.0 38 24.0

Ocular  4 8.0 46 92.0

Nasal 7 14.0 43 86.0

In the lower airways 5 10.0 45 90.0

Eczema 7 14.0 43 86.0

 
 

Table III. Allergic symptoms after contact with a cat and/or a dog and the prevalence of selected Fel d and/or
Can f epitopes  
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in the studied patients (n = 50)
 (statistical significance of relationships) 

Allergic symptoms after contact with
the cat

Fel d
1

Fel d 2 Fel d
4

Can f 1 Can f 2 Can f 3 Can f
5

Any symptoms NS* p =
0.048

NS NS NS NS NS

Ocular  NS NS NS p =
0.042

NS p =
0.039

NS

Nasal NS NS NS NS NS NS NS

In the lower airways NS p =
0.041

NS NS NS NS NS

Eczema NS NS NS p =
0.009

p =
0.002

NS NS

 NS – [statistically] not significant

Dog allergen components and allergy symptoms
Twelve children were allergic to dogs as con�rmed by positive anamnesis and thirty-eight exhibited
clinically non-relevant sensitization as indicated by negative anamnesis (Table II). Twenty nine of the �fty
study participants (58.00%) had at least one of the Can f epitopes tested, sixteen children had only one
epitope (55.17%), ten children had two epitopes (34,48%), one patient had three epitopes (3.45%), and one
child had four epitopes (3.45%). There was no relationship between the number of epitopes and
symptoms of allergy to dogs. The most common epitope was Can f 1 (32% of the study sample); the
results are shown in Fig. 1. Eczema developing after contact with a dog showed a strong correlation with
sensitization to both Can f 1 (p = 0.009) and Can f 2 (p = 0.002) allergen components (Table III). The
presence of allergic symptoms in the eyes showed a signi�cant relationship with sensitization to Can f 1
and Can f 3 (p = 0.042 and p = 0.039, respectively) (Table III). Additionally, the presence of Can f 1 and
Can f 2 signi�cantly conditioned the occurrence of eczema after contact with a dog (p = 0.009 and p = 
0.002, respectively) (Table III).

Pet components and allergic disorders
There was no relationship between diagnosed asthma and sensitization to any pet components.
Monosensitization to Can f 1 signi�cantly underpinned the prevalence of atopic dermatitis in the studied
children (p = 0.036).

Cross-reactivity
Table IV depicts the co-occurrence of selected Fel d and/or Can f epitopes in the studied children. Fifteen
children (30%) showed sensitivity to Fel d 1 and Can f 1, whereas thirteen patients (26%) to Fel d 1 and
Can f 5.

Table IV. Overlapping of selected Fel d and/or Can f epitopes  
in the studied patients (n = 50)
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 (presented as absolute numbers) 

Epitope Fel d 1 Fel d 2 Fel d 4 Can f 1 Can f 2 Can f 3 Can f 5

Fel d 1   4 11 15 6 5 13

Fel d 2 4   5 3 1 5 1

Fel d 4 11 5   6 4 5 2

Can f 1 15 3 6   6 1 6

Can f 2 6 1 4 6   1 2

Can f 3 5 5 5 3 1   1

Can f 5 13 1 3 6 2 1  

 

Prenatal/postnatal exposure to pets
Keeping a cat during pregnancy, in early childhood, or at any time during a child’s life showed no
relationship to sensitization to any feline epitopes tested. Having a dog in any period of pre-natal and
post-natal life was associated with sensitization to Can f 1 epitope (p = 0.033) (Table V). Keeping a dog
and a cat at the same time – regardless of the life stage, prenatal or postnatal, did not reveal any
statistically signi�cant relationship with sensitization to the epitopes tested.

Table V. Keeping a dog in the domicile and prevalence of selected 
Can f epitopes in the studied patients (n = 50) 

 (statistical significance of relationships) 

Keeping a dog Can f 1 Can f 2 Can f 3 Can f 5

Overall p = 0.033 NS NS NS

During pregnancy p = 0.042 NS NS NS

Once in the past p = 0.033 NS NS NS

At the age of 0-2  p = 0.048 NS NS NS

At the age of over 2  p = 0.021 NS NS NS

Currently NS NS NS NS

 NS – [statistically] not significant

Discussion
In the last few years, component resolved diagnostics (CRD) has been developing rapidly, and both
singleplex and multiplex assays are used in relation to over one hundred recombinant or puri�ed native
allergen components [14]. Molecular allergy is based on identi�cation, characterization and subsequent
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use of single allergens, being components of complex allergen sources like pollen, mites, furred animals,
foods or insect venoms [15, 16, 17]. Thus, carefully de�ned allergen molecules serve as a useful
complement to the reagents available to date, and optimize IgE determination and detection of speci�c
sensitization in the context of allergy diagnosis [16, 17]. Our study showed that respiratory symptoms
after contact with a cat and a dog have a strong relationship with presence of Fel d 2 and Can f 1
components, respectively. The occurrence of eczema after contact with a dog reveals a strong correlation
with the presence of Can f 1 and Can f 2 epitopes. The presence of ocular symptoms showed a
signi�cant relationship with Can f 3 epitope.

Gent at al. found that the risk for wheezing in children sensitized and exposed to pet allergen signi�cantly
increased (by 39% and 53% for Fel d 1 > 0.12 µg/g, Can f 1 > 1.2 µg/g, respectively) [18]. The most
frequent symptoms of cat owners suffering from allergy when exposed to contact with their pets were
rhinitis (sneezing, rhinorrhea, nasal obstruction and itching, postnasal drip) (80.0%), followed by
conjunctivitis (73.3%), cutaneous symptoms (skin itching, skin rash, angioedema, urticaria) (33.3%), and
lower respiratory symptoms (sputum, dyspnea, chest discomfort and pain, wheezing) (13.3%). Dog
owners with allergy to their pets suffered from cutaneous symptoms more frequently than cat owners
with cat allergy (53.3% vs. 33.3%, P < 0.01), especially in terms of urticaria (35.9% vs. 15.6%, P < 0.01) as
well as from lower respiratory symptoms (33.3% vs 13.3%, P < 0.05), especially cough (23.3% vs 6.7%, P < 
0.05)[19] .

In our study there was no statistically signi�cant relationship between diagnosed asthma and
sensitization to any pet components. Monosensitization to Can f 1 was related to the diagnosis of atopic
dermatitis. Uriarte at al. showed that Can f1 was associated with persistent rhinitis, Can f 2 with asthma
diagnosis, Can f3 with severity of rhinitis and asthma, and Can f 5 both to persistence and severity of
rhinitis. Sensitization to several allergens in patients (1, 2, 3 or 4) was associated with persistent
moderate asthma or rhinitis. Direct contact with dogs was connected both with persistence and severity
of rhinitis [20, 21]. Fel d2 was associated with severity of rhinitis and asthma. Fel d4 was associated with
the presence of asthma symptoms. Direct contact with cats was associated both with persistence and
severity of rhinitis [22]. Bjerg et al. reported a higher prevalence of asthma in children co-sensitized to Fel
d1 and Fel d 4 than in children sensitized to Fel d 1 alone [23]. They also found a higher prevalence of
asthma (55%) in patients with IgE reactivity, not only towards Fel d 1, but also towards Fel d 2 and/or rFel
d 4. Wisniewski et al. described an association between high levels of IgE antibodies to nFel d 2 and rFel
d 4 and atopic dermatitis in cat-allergic children [24].

The exposure to animal allergens constitutes a relevant risk factor for the development of allergic
sensitization. Some authors suggest that early contact with dogs, before the �rst year of age, may have a
protective effect in terms of allergic sensitizations [25, 26]. Similarly, con�icting studies have been
reported for early cat exposures [27]. So far, no consensus has been reached on the potential association
between animal exposure and prevention of onset of asthma or other allergic diseases in later life [28].
Conclusions presented in various studies also differ on the impact of canine or feline allergens as being
those most protective ones [29]. In our study, keeping a dog at any time, in any period of prenatal and
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postnatal life, was associated with the occurrence of IgE to Can f 1 epitope and allergy symptoms. While
our study has not shown any relationship between keeping a cat during pregnancy, in early childhood, or
at any time during a child’s life, keeping a cat during pregnancy had no relation to the occurrence of any
of the cat epitopes tested either. Many authors have found no relationship between possession of
animals and exposure to asthma and other allergic diseases [30, 31]. In a meta-analysis of eleven
European birth cohorts including > 22 thousand children, there was no relationship between keeping any
furry animal (mainly a cat and dog) at home in the �rst two years of a child's life and occurrence of
asthma at 6–10 years of age [32]. However, there are very reliable studies that suggest a protective effect
of having a pet. Takkouche et al. showed that exposure to dogs slightly increased the risk of asthma, but
exposure to cats played a protective role [33]. Researchers from Sweden found that keeping a dog in the
�rst year of a child’s life is associated with a signi�cantly lower risk of asthma in children aged 6 years
[34]. Another study, involving 696 Swedish children, reports that current asthma and asthma symptoms
following contact with cats were associated with cosensitization to Fel d 1 and Fel d 4. Asthma was
related to higher levels of component sensitization (Fel d 1 ≥ 15 ISU) while sensitization to more than one
component from the same animal conferred the greatest risk [35]. Based on the evidence form the past
decade it may be assumed that early exposure to dogs before the �rst year of life may have a protective
effect in preventing allergic sensitizations [36, 37].

The limitation of our study is the small sample size and a restricted number of assayed components. All
the studied children were diagnosed with allergic rhinitis, which is why the disease was not included in
multifactor statistical analyses.

Conclusions
To sum up, our article described the pattern of sensitization to pet IgE components and its association
with clinical symptoms. Our study showed that respiratory symptoms in children allergic to cats or dogs
demonstrate a strong relationship with the presence of Fel d 2 and Can f 1 components, respectively.
Eczema after contact with a dog showed a strong correlation with the presence of Can f 1 and Can f 2
epitopes. The presence of allergic eye symptoms showed a statistically signi�cant relationship with the
presence of the Can f 3 epitope. However, Fel d 1 is the most important cat allergen component, yet the
functional role of this molecule remains unknown. Molecular diagnosis in patients with allergy to pets
may help clinicians to predict clinical symptoms and their severity.
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Figure 1

.Presence of selected epitopes - referring to allergy to cat dander - in the studied patients (n = 50)
(presented as percentages)
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Figure 2

Presence of selected epitopes - referring to allergy to dog dander - in the studied patients (n = 50)
(presented as percentages)


